This study examined the treatment effects between unilateral hybrid therapy (UHT; unilateral robot-assisted therapy [RT] + modified constraint-induced movement therapy) and bilateral hybrid therapy (BHT; bilateral RT + bilateral arm training) compared with RT. Thirty patients with chronic stroke were randomized to UHT, BHT, or RT groups. Preliminary efficacy was assessed using the Fugl-Meyer Assessment (FMA), the Chedoke Arm and Hand Activity Inventory (CAHAI), and the goal attainment scaling (GAS). Possible adverse effects of abnormal muscle tone, pain, and fatigue were recorded. All groups showed large improvements in motor recovery and individual goals. Significant between-group differences were found on GAS favoring the hybrid groups but not on FMA and CAHAI. No adverse effects were reported. Hybrid therapies are safe and applicable interventions for chronic stroke and favorable for improving individual functional goals. Treatment effects on motor recovery and functional activity might be similar among the three groups.
Introduction
Many neurorehabilitation strategies have been developed to enhance upper extremity (UE) motor ability in patients with chronic stroke, including robot-assisted therapy (RT; Yang, Lin, Chen, Wu, & Chen, 2012) , modified constraint-induced therapy (mCIT; Lin, Chang, Wu, & Chen, 2009) , and bilateral arm training (BAT; Lin, Chen, Chen, Wu, & Chang, 2010) . The high intensity and accurately repetitive movement practice delivered by robotic devices is difficult to achieve by human power alone (Chang & Kim, 2013; Pignolo, 2009) . Evidence has shown that RT with high intensity practice leads to improvements in motor control and muscle strength; however, the improvements did not transfer to activities of daily living (ADL) for patients with chronic stroke (Veerbeek, Langbroek-Amersfoort, van Wegen, Meskers, & Kwakkel, 2017) . Other studies have also indicated that the treatment gains of RT may be limited to simple and stereotyped training tasks without being generalized to tasks required in daily life (Hatem et al., 2016; Masiero et al., 2014) .
Generalization of motor ability to daily life functions is essential for community-dwelling patients with chronic stroke, and a combination of different interventions is recommended to meet their individual needs and enhance the treatment effects on daily life (Hatem et al., 2016) . Taskoriented training combined with RT could be promising to improve the effects on ADL. Several components included in task-oriented training help promote motor learning effect and generalization of motor ability, such as context-related practice, distributed practice, and various types of task practices with a specific movement pattern (Rowe & Neville, 2018; Timmermans, Spooren, Kingma, & Seelen, 2010) .
The combination of RT and task-oriented training has been reported as being beneficial on motor recovery and health-related quality of life (QOL; Hsieh et al., 2017; Hung et al., 2016) . Hsieh et al. (2017) found that bilateral RT combined with task-oriented training elicited better outcomes than task-oriented training alone in self-reported strength and functional independence in subacute stroke patients. Another study showed that unilateral RT combined with task-oriented training improved motor function and QOL for a long-term period more than unilateral RT combined with impairment-oriented training (Hung et al., 2016) . However, no study to date has investigated the effects between a combined intervention and RT alone. Studies with an RT group as the comparison group are needed to investigate whether combined therapy can provide additive benefits to RT.
Furthermore, the comparison between unilateral-focused intervention (i.e., mCIT) and bilateral-focused intervention (i.e., BAT) is still a controversial issue in stroke rehabilitation. Research has shown the effects of mCIT on motor function, motor activity, and self-reported daily use of the affected arm in patients with chronic stroke (Kwakkel, Veerbeek, van Wegen, & Wolf, 2015) . Beneficial effects of BAT on movement efficiency, smoothness, and proximal motor function of the paretic arm have been reported (Lin et al., 2009; Lin et al., 2010) . However, the 2016 American Heart Association guidelines indicated that BAT-related studies were limited (Winstein et al., 2016) . Another review article also indicated that the intervention programs in most of the BAT-related studies were not goal-oriented and that intensive goal-oriented BAT could possibly lead to different conclusions (Hatem et al., 2016) .
Given the needs of comparisons between unilateralfocused and bilateral-focused intervention and between RT and RT-combined therapy, this pilot study aimed to examine the efficacy and possible adverse effects of unilateral hybrid therapy (UHT; unilateral RT + mCIT), and bilateral hybrid therapy (BHT; bilateral RT + BAT) compared with RT.
We adopted the goal attainment scaling (GAS; Hurn, Kneebone, & Cropley, 2006) as an outcome measure of achievement on specific individual goals that cannot be reflected by the standardized measures with general tasks and items. We hypothesized that UHT and BHT might have benefits on distal and proximal motor function, respectively, and that the hybrid therapy might lead to a better outcome on the GAS than the RT group.
Method
This pilot study was a single-blind, randomized controlled trial in which 30 participants were randomly allocated to the UHT, BHT, or RT groups (Figure 1 ). The three groups were matched in intervention time (90 min), duration (6 weeks), and frequency (three intervention sessions a week). During the intervention, the routine occupational therapy program was suspended, but other routine rehabilitation, such as physical therapy and speech therapy, were continued. This study was approved by the research ethics committees of the three participating sites from which participants were recruited. All participants provided written informed consent.
Participants
Community-dwelling out-patient participants with chronic stroke were recruited with inclusion criteria as follows: (a) more than 6 months poststroke, (b) moderate-to-mild UE impairment (an initial score of 18-56 on the UE subscale of the Fugl-Meyer Assessment [FMA-UE]), (c) able to follow study instructions (a score of ≥22 on the mini-mental state examination), (d) without serious spasticity in any joints of the affected UE (a score of ≤3 on the modified Ashworth scale [MAS] ), (e) without a balance problem (transferring to and from the toilet, standing from a sitting position, and standing for 2 min independently and without upper extremity support), and (f) no other neurologic, neuromuscular, orthopedic, or psychiatric problems. The study excluded patients with a lesion in the cerebellum or brain stem. 
Procedure
Potential participants were identified by clinical occupational therapists and screened by the research coordinator. Eligible, consenting individuals were randomly allocated to one of the three groups according to a computerized randomization scheme with a 1:1:1 ratio by a research team member who was not involved in screening, testing, or intervention delivery. A blinded evaluator administered preintervention and postintervention assessments within 3 days before the first intervention session and after the last intervention session. All interventions of the three groups were delivered by the same therapist.
Measures
The primary outcome was the FMA-UE that assesses motor recovery (Gladstone, Danells, & Black, 2002) , which includes 33 items measuring movement, reflexes, and coordination. The total score ranges from 0 to 66 and can be divided into the proximal subscale (shoulder, elbow, and forearm), with a maximum of 42 points, and the distal subscale (wrist and hand), with a maximum of 24 points. The FMA-UE is a valid and reliable measure with a minimal clinically important difference (MCID) that range from 4.25 to 7.25 in chronic stroke patients (Page, Fulk, & Boyne, 2012) .
Secondary outcomes were the Chedoke Arm and Hand Activity Inventory (CAHAI) and the GAS. The CAHAI, which assesses functional ability (Barreca et al., 2004) , includes 13 functional activities (e.g., open a jar of coffee, call 911, etc.). Participants were encouraged to complete all activities with both hands and more with the affected UE, if possible. The total score ranges from 13 to 91 points, with the MCID at 6.3 points in stroke patients (Alt Murphy, Resteghini, Feys, & Lamers, 2015) .
GAS (Kiresuk & Sherman, 1968; Turner-Stokes, 2009 ) was used to define the treatment goals of task-oriented training and assess the level of the attainment. The therapists discussed with participants in the first three intervention sessions to decide two treatment goals and the importance, the difficulty, and the baseline level of the goals. The treatment goals were set following the "SMART" rule: specific to the improvement of motor control in daily activities rather than the compensation strategy, measurable in unidimensional measurement (e.g., the speed, duration, or the range of motion), attainable through the intervention and practice, relevant to the participant's daily life, and time-bound in a 6-week intervention (Krasny-Pacini, Evans, Sohlberg, & Chevignard, 2016) . The importance and difficulty were scored from 0 (not important/difficult) to 3 (very important/ difficult). The baseline level of the treatment goal was −1 in general and −2 for the worst condition concerning the goals. The attainment level of the treatment goals was scored from −2 (a lot less than the expected) to +2 (a lot better than the expected) in the last intervention session. The GAS-T score is calculated by the following formula:
where I indicates the importance, D is the difficulty, and L is the baseline level in the baseline GAS-T score or the attainment level in the postintervention GAS-T score. The GAS-T score is a standardized score that meets the assumption of normal distribution. A GAS-T score that exceeds 50 refers to an above-expected performance and vice versa. Possible adverse effects included abnormal muscle tone and the severity of pain and fatigue. Abnormal muscle tone was assessed by the MAS (Bohannon & Smith, 1987) , which grades the muscle resistance to quick passive stretching from 0 (no increase in muscle tone) to 5 (affected part is rigid in flexion and extension). The mean MAS scores of the affected UE were calculated to measure changes in abnormal muscle tone.
The severity of pain and fatigue was assessed by selfreported visual analog scales (VASs) that ranged from 0 (no pain/fatigue) to 10 (worst possible pain/fatigue; Boonstra, Schiphorst Preuper, Reneman, Posthumus, & Stewart, 2008) . The VAS assessment was presented with the question "How did you feel regarding the severity of pain/fatigue during the treatment?" immediately after the first and the last intervention sessions.
Intervention
UHT. The UHT was the combination of unilateral RT and mCIT. In each intervention session, participants received 40 min to 45 min of unilateral RT, 40 min to 45 min of unilateral arm training, and 10 min of home program teaching (Figure 2 ). The unilateral RT was delivered by the Bi-Manu-Track (BMT) robot (Reha-Stim Co., Berlin, Germany; Hesse, Schulte-Tigges, Konrad, Bardeleben, & Werner, 2003) , with only the affected hand grasping the handle (Yang et al., 2012) . The RT intervention protocol provided forearm pronation-supination and wrist flexionextension movement patterns. Each pattern included passive movement practice (the affected UE passively moved by the device) for 350 to 400 repetitions and active movement practice for 200 to 350 repetitions by the participant's affected UE.
The unilateral arm training was specific to the treatment goals that were discussed in the GAS and focused on the affected arm. The 45 min of unilateral arm training contained two to three tasks, such as using a spoon, throwing a baseball, and holding a glass. Each task was repeated 30 to 50 times. Participants were asked to constrain their unaffected hand by a mitt for a target of 5 hr daily at home. The time and the activities with restraint were documented every day. The restraint hours were counted only when active and frequent arm use (e.g., eating, dressing, and typing). The time of sedentary activity without hand movement (e.g., watching television) was not counted in the restraint hours.
BHT. The BHT was the combination of bilateral RT and BAT. Participants in the BHT group received 40 min to 45 min of bilateral RT, 40 min to 45 min of BAT, and 10 min of home program teaching in each session (Figure 2) .
The bilateral RT was the same as the unilateral RT but with both hands grasping the handle (Hsieh et al., 2011) . The BAT was specific to the treatment goals that were discussed in the GAS and with both arms included simultaneously. The 45 min of BAT contained two to three tasks that used both hands, such as lifting a big box, throwing a basketball, and folding clothes. Each task was repeated 30 to 50 times. In addition, the participants were asked to practice 30 min of the functional tasks at home every day and encouraged to use both arms together in their daily life.
RT therapy. The RT group received 80 min to 90 min of RT and 10 min of home program teaching in each session. Participants practiced both the unilateral and bilateral modes (Figure 2) . The repetition for each pattern ranged from 450 to 500 times in both unilateral and bilateral mode. The duration and the repetition of passive and active movement practice were adjusted according to the participants' ability. Participants were asked to practice 30 min of the functional tasks that related to their treatment goals at home every day.
Data Analyses
The baseline differences among the three groups were compared by the χ 2 test for categoric data and by ANOVA for continuous variables. The preliminary efficacy and goal achievement were assessed with ANCOVA that adjusted the means and SDs of outcome measures for the effect of the unbalanced baseline characteristics as covariates by the linear regression model to compare the differences among the three groups. The post hoc analysis was calculated by the Fisher least significant difference test. The η 2 effect sizes of 0.01, 0.059, and 0.138 were considered small, medium, and large, respectively (Cohen, 2013) . Within-group differences were calculated using the pairedsample t test.
Possible adverse effects were analyzed by the ANOVA to examine whether abnormal muscle spasticity, pain, or fatigue increased after the interventions in each group. The statistical analyses were performed with IBM SPSS Statistics 19.0 software (IBM Corp., Armonk, NY). The level of statistical significance (α) was .05.
Results

The Baseline Characteristics
The baseline characteristics of participants are summarized in Table 1 . Thirty participants were recruited from May 2015 to June 2017 and randomly allocated to the BHT group, UHT group, or RT group. All participants showed mild-to-moderate upper limb motor impairment and an average MMSE (mini-mental state examination) score of 28.77. The age and the lesion type were significantly different among the three groups, and the time after the onset of stroke was comparatively longer in the BHT group. The unbalance of the baseline characteristics among the three groups could be because the three oldest participants and the most chronic participant were allocated to the BHT group.
We further analyzed the correlation between the scores on the outcome measures and the age, the time after onset, and the lesion type. No significant correlation was found between the outcomes and the three baseline characteristics (all p > .05, r < .40). Although there was no direct evidence supporting that age, the time after onset, and the lesion type of stroke in the chronic stage would affect the motor recovery (Huang et al., 2014) , the potential effect on the treatment outcomes should be taken into consideration in this small sample size study. We, therefore, included age and the lesion type as covariates in the ANCOVA. Note. UHT = unilateral hybrid therapy; BHT = bilateral hybrid therapy; RT = robot-assisted therapy; TOT = task-oriented training.
Preliminary Results of Treatment Effects
The FMA, CAHAI, and the GAS scores significantly improved after the interventions in all three groups (Table 2) . No significant between-group difference among the three groups was found in the change scores of the FMA and the CAHAI. Despite the nonsignificant between-group results, the BHT group had an improved score, achieving the MCID value in the FMA total score (5.60 points) compared with the UHT group (3.33 points) and the RT group (3.54 points; Page et al., 2012) . The change score of the GAS was significantly different among the three groups. The post hoc analysis showed that, in the GAS change score, the BHT group was significantly better than the UHT and RT groups (both p < .01), and the UHT group was better than the RT group (p < .01).
Possible Adverse Effects
No group showed an increase of upper limb spasticity after treatment (Table 3) . No participant reported feeling pain in the affected arm after the UHT treatment. One participant in Table 1 . Demographic and Characteristics of the Study Groups. Note. UHT = unilateral hybrid therapy; BHT = bilateral hybrid therapy; RT = robot-assisted therapy; MMSE = mini-mental state examination; FMA = Fugl-Meyer motor assessment; NIHSS = National Institutes of Health Stroke Scale. 
BHT (n = 11) RT (n = 10) UHT (n = 9) BHT (n = 11) RT (n = 10) Note. In the post hoc analyses, "a" is significantly higher than "b" and "b" is significantly higher than "c." UHT = unilateral hybrid therapy; BHT = bilateral hybrid therapy; RT = robot-assisted therapy; FMA = Fugl-Meyer motor assessment; CAHAI = Chedoke Arm and Hand Activity Inventory; GAS = goal attainment scaling. *p < .05 in the within-group analysis by the paired sample t test. **p < .01 in the within-group analysis by the paired sample t test.
the BHT group reported mild low back pain in the second week of intervention. The pain was relieved after the instruction of the appropriate posture to prevent injuries and trunk compensation. One participant in the RT group reported acceptable pain at the end of the treatment that was caused by friction between the handle of the BMT robot and the practicing hand. All participants reported an acceptable level of tiredness after the treatment. Most participants reported that the level of fatigue was decreased in their body, but increased in the affected arm from the initial treatment to the end of treatment. No serious adverse events were reported.
Discussion
This study compared the unilateral and the bilateral combined therapies with RT. The results showed that the combination of RT and task-oriented training could promote functional ability according to patients' individual goals and achieve motor recovery that was comparable with the RT. The unilateral-and bilateral-combined therapies led to similar benefits on motor recovery. The results of GAS showed that the hybrid therapy groups achieved a better level on the individual functional goals than the RT group.
The hybrid therapy groups achieved comparable improvement with the RT group in motor recovery, corresponding to previous studies that indicated similar motor benefits between RT and duration-matched task-oriented training (Lo et al., 2010; Wu, Guarino, Lo, Peduzzi, & Wininger, 2016) . However, the UHT and the RT group gained 3.3 and 3.5 points, and the BHT group achieved 5.6 points of mean difference on the FMA. The improvements of all three groups were better than the summary of the recent meta-analysis that reported RT with significant but small improvements on the FMA of approximately 2 points (Veerbeek et al., 2017) .
Furthermore, the improvement of the BHT group reached the MCID. The impressive result of the BHT was similar to previous studies (Hsieh et al., 2011; Liao, Wu, Hsieh, Lin, & Chang, 2012) reporting 5.33 to 6.30 points of improvement on the average FMA score after the RT with the Bi-Manu-Track (BMT) robot. The BMT delivered the bilateral symmetric practice that may facilitate interlimb coupling and decrease intercortical inhibition (McCombe Waller & Whitall, 2008) . The bilateral repetitive practice has also been suggested as a priming strategy (Stinear, Petoe, Anwar, Barber, & Byblow, 2014) that induces activation of the motor cortex and leads to better motor learning effect of the whole intervention (Stoykov & Madhavan, 2015) . The interlimb coupling and the priming effect may be the underlying mechanism of the BHT group that led to the impressive improvement.
Not surprisingly, the BHT and UHT groups showed greater improvements than the RT group in the GAS but not in the CAHAI. In conformity with the training specificity of motor learning principles (Kitago & Krakauer, 2013) , the participants in the BHT and UHT groups practiced the specific tasks that were consistent with their functional goals in the GAS and could directly lead to the progress in the GAS score. However, corresponding to the results of FMA, improvements of general motor ability (e.g., active range of motion, muscle power, and crossjoint coordination) were also represented in the structured tasks assessed by the CAHAI. Standardized and structured assessments, such as FMA and CAHAI, are valid in measuring general ability, but personalized assessments may be more suitable to demonstrate the patients' progress in specific functional ability or goals and the benefit of the treatments.
The GAS has been widely used in research, including cognition rehabilitation in acquired head injury (Grant & Ponsford, 2014) and botulinum toxin A treatment in poststroke spasticity (Ashford, Jackson, & Turner-Stokes, 2015) . However, previous studies used the GAS as an assessment but did not individualize the intervention according to the content of GAS (Ashford et al., 2015; Turner-Stokes, Fheodoroff, Jacinto, & Maisonobe, 2013) . In this study, the GAS was not only an outcome measure but also a guide for the task-oriented training. The hybrid therapy assisted with the GAS provided a highly intensive and individualized strategy that was different from the single RT or therapistbased intervention and helped the participants connect the intervention and their daily life.
Despite the lack of motor skill shaping and the repeated practice guided by the therapist, the RT group improved their goals through the goal-directed home program. The therapist was more like a consultant in the RT group to help patients develop the home-based practice strategy. The improvement of the RT group in the GAS and CAHAI implied that individualized intervention is possible through the consultant mold even in the limited time and structured environment that is common in most clinics. This study has limitations that warrant consideration. First, the sample size of nine to 11 participants per group may have been insufficient. To extend this preliminary research, 20 participants per group are suggested for study based on the effect size of the present work ( η p 2 = 0.045, statistical power = 0.80).
Second, the unbalance in the baseline characteristics may have influenced the outcomes and should be noted. To address the concern, we treated the unbalanced factors as covariates in the data analysis. Future study may use stratified randomization to ensure the equal allocation of the participants.
Third, the possibility of biases existed in the GAS score. The GAS included goal setting and decision making based on the importance, the difficulty, the baseline level, and the attainment level of the goals. The reliability might have been violated if the difficulty of the goals was different or the interval between the attainment levels was unequal. Some researchers advise using an external judge to ensure the equality of difficulty of the goals and the equidistance of the attainment levels (Krasny-Pacini et al., 2016) . Because we included participants with a wide range of initial motor function, the difficulty of the same goal may be different from one another. Setting an objective standard that can be applied to all participants for the external judge is difficult. To avoid the unequal difficulty of the goals, the therapist helped participants to set goals that were anticipated to be achieved in 6 weeks. Owing to the possible biases of the GAS, the accompaniment of other standardized assessments is necessary.
Conclusion
The study provides useful information about the synergistic effects of robotic therapy and task-oriented training in stroke rehabilitation. The hybrid therapy is a competitive strategy for motor recovery and functional activity ability compared with dosage-matched RT. With the complement of the GAS, hybrid therapy may be implemented in accord with the patients' personal goals. Further research is needed to validate the findings of this study and investigate the retention of the therapeutic gains over time based on a larger sample.
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